The Manicou or mountain crab, Eudaniela garmani (Pseudothelphusidae), is a freshwater land crab found at high elevations in the forests of Trinidad, Tobago, Margarita, and Eastern Venezuela. Anecdotal data suggest that the Manicou crab reaches sexual maturity at an unusually large size, and, by implication, at a relatively old age. Therefore, management and harvesting of this species need to be informed by accurate determination of the size and estimated age at maturity. Laboratory growth increment and intermoult period data were used to estimate the time for both sexes to mature. Breakpoint analyses and analyses of covariance (ANCOVA) of field-collected data were used to determine male and female morphometric or structural maturity while gross and histological examinations of ovaries were used to determine the size of onset of female sexual maturity. Morphometric maturity was initiated at about 42 and 47 mm carapace width (CW) in female and male crabs, respectively. Female morphometric or structural maturation ceased at about 67 mm CW, about the same size as the onset of female functional maturity (69 mm CW). It is estimated that female crabs attained functional maturity at about 3 years. A minimum capture size is thus recommended between 75 and 80 mm CW for female crabs. Patterns of allometric growth in the major propodus of males and the pleon width in females may be related to territorial and/or courtship behaviour in males and the use of the pleon as an incubation chamber in females.
INTRODUCTION
The Manicou crab Eudaniela garmani (Rathbun, 1898 ) is a freshwater/land crab (Maitland and Maitland, 1998; Maitland, 2003) of the family Pseudothelphusidae, frequently found in natural and crab-created burrows at high elevations (Stonley, 1971) . The species occupies clean mountain streams between 50 and 800 m elevation in Trinidad, Tobago, Margarita, and in the coastal range of eastern Venezuela (Rodriguez, 1966; W. Rostant, 2005) . Adult females produce 200 to 300 eggs (approximately 2-3 mm in diameter) which are incubated within the pleon. Young crabs remain in the brood chamber until their first moult after which they are released into the stream (Stonley, 1971; Innes et al., 1986) . Their mode of reproduction gives rise to the local name ''Manicou'' crab (Maitland and Maitland, 1998) ; which refers to the Amerindian name for opossum, the New World metatharian Didelphis marsupialis (Linnaeus, 1758) . The crabs are voracious predators in both aquatic and terrestrial environments, feeding on prawns, fish, snakes, geckos, insects and each other (Crane, 1949; Maitland and Maitland, 1998; Maitland, 2003; L. Rostant, 2005) . It is an unusual species that bridges both freshwater and terrestrial habitats and probably plays an important ecological role in both rainforest and stream ecosystems (Maitland and Maitland, 1998; L. Rostant, 2005) .
Eudaniela garmani is one of three species of crab harvested for food in Trinidad and Tobago, the others being the hairy crab, Ucides cordatus (Linnaeus, 1763) , and the iron back or blue back crab, Cardisoma guanhumi (Latreille, 1825) , both of which are saltwater land crabs belonging to the gecarcinid Family. Prior research on E. garmani indicated that it attained maturity at an unusually large size, and, by implication, at an old age (Maitland and Maitland, 1998) . Therefore the species is at risk of overexploitation, especially if large females are being removed. This research set out to determine the growth and maturity of this species to provide better information for its management.
MATERIALS AND METHODS

Study Area
Crabs were sampled from streams of the Northern Range of Trinidad which stretches across the breadth of the island and is 940 m at its highest point. The majority of the Northern Range is covered by tropical rainforests interspersed with many steep, clear mountain streams occupied by the Manicou crab. Field collection for the laboratory growth analysis was mainly from the Acono River in the Maracas Valley. Capture for morphometric analyses and collection for histological analysis of ovaries were conducted in four sites, Maracas, Aripo, Arima, and Guanapo valleys (between 70-140 m altitude, L. .
Crab Capture and Laboratory Procedures
Preliminary observations showed that crab colour changed with size. Since no previous information on reproductive maturity existed for this species, crabs were roughly separated into three size-colour categories for this study. These categories do not reflect life stages based on functional reproductive maturity. Juvenile crabs (, 25 mm CW) were dark brown, sub-adults (25 mm , CW , 50 mm) were reddish-brown and adults (. 50 mm) were chestnut brown. Juvenile crabs were caught under rocks along stream edges during the day while adult and sub-adult crabs were caught during the night usually after heavy rainfall when they were most active. Crabs were caught by sliding them into a small container and transported individually due to their cannibalistic nature. Crabs were either removed for laboratory growth analysis and ovary examination or were measured in the field using a manual vernier calliper to 0.05 mm and then released. Morphometric measurements recorded included carapace width (CW); cheliped dimensions (left or right): propodus length (PL), propodus breadth/width (PB), propodus depth/height (PD); maximum pleon width (PW); and 4 th left walking leg merus length (L4M). The wet weight of intact individuals with all appendages was also recorded.
For laboratory growth analysis, crabs were housed individually in appropriately sized containers. Juveniles were kept in small containers (11 cm diameter, 7 cm high) or medium containers (22 cm long, 15 cm wide, 8 cm high) while sub-adult and adult crabs were maintained in small aquaria (45 cm long by 22 cm wide and 23 cm high). Each container was equipped with an air hose and air stone and supplied with gravel or rocks and enough stream water to just cover the crab. Containers were darkened and covered because of their nocturnal habits. Crabs were fed twice a week, on a diet of dried cat chow supplemented every three to four weeks with live guppies (Poecilia reticulata (Peters, 1859) ), aquatic insects (Trichoptera and Odonata mainly), and tadpoles. The day after feeding, containers were cleaned and water replaced with fresh stream water. The amount of food eaten by each crab was estimated to the nearest third of a pellet and was related to onset of moulting.
Within two days of capture, the wet weight, sex, handedness and morphometric measurements (as above) were recorded as well as notes on any limb loss (and subsequent growth of limb buds). The dates of moults were recorded and after three weeks the crab's morphometric measurements and wet weight were remeasured. The growth increment and intermoult period were thus derived under laboratory conditions. All crabs were released at the end of the study.
Two types of maturity were investigated. Morphometric or structural maturity is defined as those structural changes observed in the crab before the crab is functionally mature and include changes in the dimensions of the chelae, as well as the abdomen. Functional maturity refers the attainment of sexual maturity and the potential to reproduce. These crabs may have mature gonads (i.e., are physiologically mature), or possess eggs. Only female crabs were investigated with respect to functional maturity.
Ovaries of female crabs . 30 mm CW (N ¼ 45) were examined within a week of capture. Crabs were chilled in a freezer for 15-20 min to humanely immobilize them (Gardner, 1997) , weighed, measured and dissected to note the colour and relative size of the ovaries. The ovaries were removed, weighed, and fixed with Davidson's fixative (Bell and Lightner, 1988; Ayub and Ahmed, 2002) using Bell and Lightner's (1988) formula.
After fixing for at least 2 days, an automatic tissue processor (Hacker LX300) was used to embed the tissue in paraffin wax and 5 lm sections were cut with a Leitz 1512 rotary microtome. Sections were stained using haematoxylin and phloxine-eosin stain (H and E stain) (Bell and Lightner, 1988 , Micheli et al., 1990 , Chang and Shih, 1995 , Kao et al., 1999 , and Ayub and Ahmed, 2002 according to the sequence from Carson (1990) . The slides were viewed under an Olympus BX50 microscope linked to a Dell Dimension computer. A Cohu PAL monochrome digital camera was first used to take measurements of cells (diameter across the longest axis) using the Scion Image and Image J software packages. Measurements were converted from pixels to lm, having calibrated the pixel measurements under each objective. The Pixera Penguin 5.8 megapixel colour camera was used to photograph representative slides with cells at different levels of functional maturity. This camera operated on the Viewfinder and Studio software packages.
Analytical Methods
Absolute Growth.-The absolute growth was evaluated in terms of the growth increment and the intermoult period. The increment was expressed as the percentage by which the postmoult exceeded the premoult. The first moult in all of the specimens was not included in calculations of the growth increment to allow for acclimatization to laboratory conditions. Female and male moult increments were compared using a Students t test. A polynomial trend line was determined for moult increment versus premoult CW plots for females and males separately. These trend lines were extrapolated to determine the maximum size attainable by each sex based upon the laboratory conditions.
Intermoult periods were calculated as the number of days between successive moults. A scatter plot of intermoult period versus CW was used to identify suitable size classes, grouping similar size classes and their associated intermoult periods together (Hartnoll, personal communication) . Specimens belonging to the same size class were grouped and their respective maximum, minimum, and mean intermoult values were calculated. Bar charts of mean intermoult period versus size class range for both female and male crabs were then produced. Since the mean intermoult period and mean size class range values were ultimately the values used to construct growth curves for this species, breakpoint analysis was conducted on these calculated values and not the raw data using Statistica v6 software allowing identification of any departures from a single straight line.
Using growth increment and intermoult period data, growth curves were produced for females and males separately. Mean growth increments were calculated for each size class defined above and were used with the respective mean premoult CW to calculate the next and all subsequent instar sizes or postmoults for all size classes. The calculated instar CW was plotted against the cumulative values for the respective intermoult periods to provide a growth curve for lab-reared female and male crabs which was then used to estimate time to attain given sizes.
Relative Growth.-The reference dimension in the relative growth analysis of E. garmani was the CW as is common practice in most relative growth studies of the Brachyura (Hartnoll, 1963 (Hartnoll, , 1974 (Hartnoll, , 1978 (Hartnoll, , 1982 (Hartnoll, , 1988 Herreid, 1967; Micheli et al., 1990; Fransozo et al., 2002; Negreiros-Fransozo et al., 2003) , with all other dimensions taken as variable dimensions (e.g., propodus length, PL; pleon width, PW; and 4 th left walking leg merus length, L4M). Relative growth of the Manicou crab using the field morphometric data was analyzed using three main analytical methods: 1) breakpoint analysis, 2) analysis of the levels of allometry, 3) analysis of covariance (ANCOVA).
Breakpoint Analysis.-Scatter plots revealed that there was an apparent breakpoint for the major propodus dimensions (length, MaPL; depth, MaPD; and breadth, MaPB) with respect to the male crabs while there were two apparent breakpoints for the female abdominal width (PW) (L. . The minor propodus dimensions of both sexes and the merus of the 4 th left pereiopod of both sexes showed no apparent breakpoint and the data for these parameters was thus examined all together. The data showing evidence of a breakpoint (or more than one breakpoint in the case of female PW) was examined using Statistica v6 software. Piecewise linear regression analysis was used to determine exactly where the breakpoints in these parameters occurred. The data for the major propodus dimensions was thus separated into two categories (Juvenile and Adult) based upon the results of the breakpoint analysis of the male major propodus data and the value of the first breakpoint in the analysis of the female PW data. The female PW data were separated into three categories (Juvenile, Sub-adult, and Adult) based upon the results of the female PW breakpoint analysis, while the male PW data were separated into two categories (Juvenile and Adult) based upon the results of the major propodus dimensions breakpoint analysis. Straight lines for each of the categories defined by the breakpoint analyses were plotted (Fig. 3) . The equations for each of these in turn were used in the levels of allometry analysis and the ANCOVA. Levels of Allometry.-Levels of allometry exhibited by the variable dimensions of E. garmani were examined in relation to the reference dimension (CW). Using the logarithmic equations: log Y ¼ log a þ b log X, where Y ¼ variable dimension, X ¼ reference dimension (CW), tests for departures from isometry (H o : b ¼ 1) were performed on the slope values obtained using Student's t-tests (a ¼ 0.05) (Zar, 1996) .
Analysis of Covariance.-Using the logarithmic relationships between the variable and reference dimensions, ANCOVAs were performed on the slopes and intercepts of the obtained straight lines to determine whether or not these differed between the various categories for a particular sex and between sexes for a particular variable dimension (Zar, 1996) . Examination of the derived slopes and intercepts using ANCOVA identified whether or not there are distinct growth patterns in the demographic categories defined by the breakpoint analyses. Use of ANCOVA is a common way to statistically test for differences in allometric growth both between and within sexes (Micheli et al., 1990; Fransozo et al., 2002; Overton and Macintosh, 2002; Negreiros-Fransozo et al., 2003) . ANCOVA were done using Statistica v6 software. ANCOVA determines differences between derived lines based on both slopes and intercepts. Thus, juvenile and adult female PW data found to be statistically different through ANCOVA, may not have necessarily been different in their slopes, differences being attributed only to the intercepts. For this reason, we compared the slopes alone by testing for differences between the two population regression coefficients (Zar, 1996) .
Comparison of Field and Laboratory Relative Growth.-In order to increase the reliability of the conclusions derived from the laboratory data (Hartnoll, 1982) , the morphometric data obtained from the laboratory growth experiments were compared with the field morphometric data using ANCOVA of the obtained slopes and intercepts from their derived straight lines (MaPL; MaPB; MaPD; MiPL; MiPB; MiPD; PW and L4 Merus).
Functional Maturity.-Ovaries were very inconspicuous below 30 mm CW so only specimens above this size class range were examined. The colour changes at various stages of ovarian vitellogenesis were associated with CW size class categories to define ovarian state as immature, maturing, or mature according to the stages outlined in Adiyodi (1988) . A scatter plot of ovary weight versus CW was used to determine any patterns between ovarian colour, ovary weight and crab size. Description of the histological stages of development within the ovary was done using ovaries at various stages of maturity.
RESULTS
Absolute Growth A total of 12 female and 16 male crabs kept under laboratory conditions for 22 months yielded growth increment and intermoult period data. Over the course of the study, 120 moults were observed, with 99 intermoult periods.
These numbers were reduced to account for acclimatization, and the subsequent increment for any crab which lost an appendage during moulting was also omitted, thus reducing these numbers to 70 growth increments (42 for females and 28 for males), and 73 intermoult periods (40 for females and 33 for males).
Ecdysis in E. garmani was accompanied by decrease and cessation of feeding as well as complete immersion in water for several days in both juvenile and adult crabs. During metecdysis, the soft exoskeleton of E. garmani crabs appeared dark grey. Hardening and normal brown colouration occurred within a matter of days and only then would the adult crab spend time out of the water as is normal during the intermoult period. They always consumed their cast exuvia.
Average growth increments for female and male crabs did not differ significantly (t ¼ 0.625, d.f. ¼ 68, P . 0.05; all stages combined). Percentage growth increments for females and males decreased with increasing CW, and juveniles had more variable growth increments than those of sub-adult crabs (Fig. 1A, C) . Over the course of the absolute growth analysis, the maximum percentage growth increments were recorded as 26.3% at 8 mm and 26.8% at 9.5 mm CW while the minimum recorded was 7.1% at 72.3 mm and 10.7% at 59.6 mm CW for females and males, respectively. The extrapolated maximum size at which percentage growth increment equals zero for both female and male crabs is just above 85 mm CW (Fig. 1A, C) , which is less than the maximum size attained by this species in wild populations. Manicou crabs in excess of 100 mm CW have been observed in this study and also by Maitland (2003) . Carapace width size class ranges for female and male crabs were similar (Fig. 1B, D) , and it is estimated that crabs will take about 15 moults to reach about 70 mm CW. Using the growth increment and intermoult period data, estimated growth curves for female and male crabs (Fig. 2) show that the crabs are long-lived with female and male crabs taking 1081 days (2.96 years) and 1000 days (2.74 years) to reach 69 and 66 mm CW respectively.
Relative Growth
A total of 74 female and 71 male crabs were captured and analysed for morphometric measurements. Using breakpoint analysis for the variables exhibiting a breakpoint (Table 1, Fig. 3 ), morphometric maturity was deduced at 42 mm CW and 48 mm CW for females and males, respectively. Female PW showed a second breakpoint at 67 CW.
Significantly positive allometric growth was observed for most propodus dimensions relative to the CW reference dimension (Table 2) . Female PW displayed isometric growth in the juvenile and adult categories, but strong positive allometric growth in the sub-adult category. Thus, there is an increase in relative growth of the female PW after the initiation of morphometric maturity (42 mm CW) followed by a decrease in allometric growth at about 67 mm CW. Males showed isometric growth of PW prior to morphometric maturity and negative allometric growth thereafter. The growth of the fourth left walking leg merus length was found to be negatively allometric in both female and male crabs. This result precludes its use as the reference dimension instead of the carapace width in relative growth analyses.
ANCOVA analyses of field morphometric data reveal that comparison of the derived straight lines for juvenile and adult growth patterns for MaP were only significantly different with respect to length in females but were significantly different for all MaP dimensions in males (Table 3) . Juvenile female and male MaPL and MaPD growth patterns showed no significant differences. The PW growth patterns showed highly significant differences between the three size categories defined by the breakpoint analysis for females, but no significant differences between the juvenile and adult phases of growth for males. Comparison of derived lines for PW growth patterns for juvenile and adult females showed similar slopes (b ¼ 0.9608 and 0.951 respectively), indicating that after the subadult phase of growth (CW . 67 mm), PW increases at the same rate exhibited during the juvenile phase (CW , 42 mm). There were no significant differences in growth patterns of the minor propodus dimensions and the 4 th left walking leg merus length between females and males, nor were there any significant breakpoints.
Although some of the field and laboratory morphometric growth data were in fact significantly different, the majority of the comparisons (11 of 16) showed no significant difference between field and lab derived data sets (Table 4) . This by no means suggests that lab conditions mirrored those in the wild, but does suggest that the relative growth of the appendages measured in the lab was similar to that in the wild for most morphological parameters measured. Although female PW growth patterns from field and lab specimens differed based on ANCOVA results, female breakpoint analyses were similar with a breakpoint based on the lab measurements of female PW at 13 mm PW and 38 mm CW, comparable to the first breakpoint derived from PW of females in the field (15 mm PW and 42 mm CW).
Functional Maturity
Over the course of field collections for this study, no female crab , 69 mm CW was found carrying eggs or young. Though an unreliable estimate by itself, this size concurs with the end of morphometric maturity determined through relative growth analysis of the PW (67 mm CW). Ovaries of E. garmani underwent colour changes similar to the freshwater crab Paratelphusa hydrodromus (Herbst, 1794) where the translucent ovaries change to white, acquire a creamy colour, change to a yellow colour, and finally end as a bright orange colour (Adiyodi, 1988) . Although ovaries in E. garmani individuals above 69 mm CW were sometimes small and white in colour, those examined in individuals below 69.6 mm CW were never yellow or orange in colour (Fig. 4) . This suggests that an advanced stage of vitellogenesis and yolk accumulation associated with the yellow and orange coloration was never attained in crabs below 69 mm CW. At this advanced stage of vitellogenesis the (Adiyodi, 1988) . Individuals larger than 69 mm CW showed considerably more variation in ovarian weight than smaller crabs depending on the degree of vitellogenesis of oöcytes. Histological examination of the ovaries in E. garmani revealed that larger cells in a more advanced stage of vitellogenesis generally stained darker red (were more eosinophilic) than smaller cells. In clear and white ovaries, the zone of proliferation or germarium (oocyte germination) was scattered throughout the ovary in germinal nests that were centrally located in the ovaries, but they were also found scattered elsewhere. Oöcytes on the periphery of these ovaries were found to be larger and more eosinophilic than those just beneath them. The oöcytes propagated by the zone of proliferation were all surrounded by follicle cells (Fig. 5A) .
In ovaries of larger crabs, the larger peripheral cells became vacuolated first, while the inner and smaller cells remained unvacuolated and could be identified by their solid structure (Fig. 5B) . As vitellogenesis progressed, the oocytes became larger due to the expansion of the cytoplasm. Mature oocytes reached a diameter of 2 mm (2000 lm) when the ovaries became orange and the mature oocytes or ova were then ready to be fertilized. At this stage the follicle cells were observed to be compressed by adjoining oocytes and stretched by the expanding cytoplasm.
DISCUSSION
The cryptic nature of E. garmani made capture difficult and crabs usually only emerged from burrows during periods of heavy rainfall. Field collecting was coordinated with these showers and was logistically difficult. In the laboratory, constraints in lab space and maintenance needs for individually housed crabs meant that sample sizes were unavoidably small. However, the study provides the only available estimates of the growth curves of this species under laboratory conditions and data on maturation of the species. Small sample sizes preclude us making firm conclusions on growth and maturity in this species and additional work is also needed to investigate growth of this species in the wild.
Reduction in activity, reduced consumption of food and cessation of feeding altogether, resulting from loss of muscle insertions, are common features of proecdysis in crabs (Warner, 1977) . The moult is a time of stress and mortality for all crab species, due to inherent risks involved in the process and higher risk of predation during and subsequent to ecdysis, when they are soft and relatively immobile. In land crabs, there is also the added problem of desiccation during moulting, the problem of obtaining adequate water for the postmoult increase in size, and problem of access to sufficient calcium sources to construct the new carapace (Hartnoll, 1988) . Cardisoma guanhumi (Latreille, 1825) undergoes ecdysis within water in order to overcome desiccation and allow for a sufficient postmoult increase in size (Henning, 1975) . Increase in size during ecdysis has been shown to decrease when water availability is reduced for land crabs prior to ecdysis (Rao, 1968) . Submergence also supports the crabs during ecdysis and the postmoult when the muscles and integument are weak. For these reasons, E. garmani specimens were always observed in water during and after ecdysis, and always consumed their cast exuvium during metecdysis to resorb calcium.
The growth increment in a number of species is not related to sex (Hartnoll, 1982) as is also seen for E. garmani. Hartnoll (1982) notes reduced growth increments past the puberty moult (moult of maturity) in females of many species. This may not have been seen in this study as only three females moulted at or above the suspected size at sexual maturity. Generally reduced growth increment with size is exhibited by most crab species, and sets an effective limit to growth in those crabs exhibiting indeterminate growth, where there is ecdysis until mortality due to external causes (Hartnoll, 1982) . Eudaniela garmani exhibits indeterminate growth in the lab, since the growth increment decreased with size, and specimens continued to moult past sexual maturity. In contrast, crabs exhibiting determinate growth have a terminal ecdysis, ceasing to moult once the final instar is reached (Hartnoll, 1982 (Hartnoll, , 1988 . There are problems and limitations in applying laboratory growth data to the wild situation for E. garmani since a maximum size of about 85 mm CW was extrapolated from lab data, but crabs in excess of 100 mm CW have been captured in the wild. This suggests that the captive crabs may have been adversely affected by the laboratory conditions. Underfeeding could affect estimates of the length of the intermoult period (Hartnoll, 2001) , but temperatures in the lab compared favourably with field conditions (24-268C). However the cryptic nature of this species makes examination of growth under natural conditions logistically difficult. This is an area which requires further research.
Young E. garmani are believed to moult once in the pouch (Stonley, 1971; Innes et al., 1986; Maitland and Ward, personal observations) and, based upon the laboratory growth analysis, require an additional 14 moults to reach 70 mm CW. Intermoult period increased with increasing size class as crabs take a longer time to accumulate the resources necessary to effect increase in size (Hartnoll, 1982) . Females and males differed in their pattern of increase in the intermoult period with a steep increase for females of the higher size classes (37 to 42 mm CW range) that was not evident for male intermoult periods (Fig. 1D) . These trends are consistent with those of Hartnoll (1982) who noted little difference in intermoult period between sexes prior to maturity, but longer intermoult periods for females after maturity, owing to their larger investment in reproduction. The steep increase in the intermoult period for female crabs is coincident with the onset of morphometric maturity estimated by the first breakpoint at 42 mm CW, though still well below the estimated size at which actual reproductive investment is possible, at approximately 67 mm CW. The growth of sub-adult individuals therefore may be considered a transitional phase to adulthood, with morphometric maturity beginning at approximately 42 mm CW and ceasing at about 67 mm CW. There was usually positive allometric growth of the propodus dimensions (both major and minor) in both female and male crabs, but it was more pronounced in the major chelipeds of male crabs. The positive allometric growth of the chelipeds is of functional significance to the Brachyura since they are used in territorial defense, combat, display and courtship in the males, in addition to equipping the females for both intraspecific and interspecific contacts (Hartnoll, 1974 (Hartnoll, , 1982 (Hartnoll, , 1988 . Acoustic signaling was observed during night surveys where E. garmani individuals on the edges of their burrows engaged in 'knocking' or 'drumming' the chelipeds (L. . Due to their cryptic habits, their sex could not be ascertained, but it is speculated that it may be related to courtship and/or territorial display as recorded for other terrestrial crabs (Dunham and Gilchrist, 1988) .
Negative allometric growth of the male PW after the 47 mm adult breakpoint could be explained by the pleon acting as a protective covering for the males' intromittent organs, which also have slightly negative allometric growth upon attaining a certain size (Hartnoll, 1974) . Negative allometric growth of the male pleopods may be of adaptive significance, allowing males of a larger size class to mate with a larger proportion of the female population since the size variation in these organs between large males and small males would thus be reduced (Hartnoll, 1974) . In contrast, the female pleon forms an incubatory chamber with the sternum that attains an optimum size and any disproportionate increase afterwards would lead to a reduction in the effectiveness of the chamber (Hartnoll, 1974 (Hartnoll, , 1982 . Thus, in E. garmani there is positive allometric growth during the sub-adult female stage that is reduced thereafter.
Chelar propodus dimensions continued to grow with positive allometry in both sexes after morphometric maturity, whereas the pleon growth returned to isometry (in females) or exhibited negative allometric growth (in males) during the adult phase. In contrast to the pleon that works in conjunction with the sternum and so puts a limit on positive allometric growth, the chelipeds are independent effectors (their activities are not closely associated with other organs). Chelipeds can thus continue to grow with positive allometry, because limits are set only by mechanical considerations and the ability of the crabs to feed (Hartnoll, 1974 (Hartnoll, , 1982 .
Histological examination of immature clear and white ovaries of E. garmani showed features typical of a number of terrestrial and freshwater species such as Gecarcinus lateralis (Freminville, 1835) (Weitzman, 1966 as cited in Adiyodi, 1988) and Paratelphusa hydrodromus (Anilkumar, 1980 as cited in Adiyodi, 1988 . In orange ovaries of larger crabs, all oocytes appeared similar in size as growth became synchronized in preparation for fertilization. This is similar to what was found in Gecarcinucus steniops by Santhamma (1985) .
Functional maturity of female E. garmani crabs is estimated to be approximately 67 to 69 mm CW based upon the morphometric breakpoint analyses and ovarian condition (colour and oocyte diameter). It is estimated that female crabs reach this size in approximately 3 years. Laboratory growth experiments often underestimate the intermoult period since they usually do not take into account seasonal effects on moulting (Hartnoll, 1982) . If this is so, then female Manicou crabs may take more than 3 years to reach sexual maturity. In comparison the gecarcinid land crab Gecarcinus ruricola matures at 50 mm CW at about 5 years, but can reach 70-100 mm CW at about 15-20 years (Hartnoll et al., 2006) . The maximum growth increment estimated in G. ruricola was approximately 10% whereas the maximum for E. garmani was about 26%. There is a distinct difference in growth rate and thus the age of maturity when comparing crabs from more aquatic (E. garmani) to more a terrestrial habitats (G. ruricola) Growth patterns for E. garmani have serious implications for management of the species as there is a high probability that females will be removed from the population before they mature (' 69 mm CW) (Maitland and Maitland, 1998) . Determination of the reproductive biology of an exploited species is a major step in the formulation of species management strategies (Lanteigne et al., 1996; Kao et al., 1999; Overton and Macintosh, 2002) . The minimum legal size of capture based upon the size of sexual maturity in the species (Stevens et al., 1993) would allow the adult stock to mate and spawn at least once before capture. Currently, there are no regulations regarding a minimum legal size of capture for this species. Since female E. garmani were found to be sexually mature at about 69 mm CW, it is recommended that the minimum size of capture of this species should be set between 75 and 80 mm CW. The estimated size of female crabs at sexual maturity relative to the maximum size of crabs caught during the course of this study is also a cause for concern because this implies a short reproductive lifespan. Further research should be continued to determine how long female crabs live after maturity and how often they breed during the course of a year. Additional research should also investigate the size structure of populations of this crab in the wild; methods to adequately measure growth of such a cryptic species in the wild as opposed to the laboratory; and the size class ranges and sex ratios of crabs exploited by crab hunters in Trinidad and Tobago. Only then will there be an adequately informed basis for restrictions on exploitation.
